dense, material flows towards the source of gravitational force. Results were obtained using standard computational fluid dynamics codes with finite element method. The effect of magnetic field on the viscosity of ferroconvection in an anisotropic porous medium was studied in paper (Ramanathan & Suresh, 2004) . It was found that the presence of anisotropic porous medium destabilizes the system, where as the effect of magnetic field dependent viscosity stabilizes the system. In this paper the investigated fluid was assumed to be incompressible having variable viscosity. Experimentally it has been demonstrated in prior research that the magneto viscosity has got exponential variation, with respect to magnetic field. As a first approximation for small field variation, linear variation of magneto viscosity has been used in paper (Ramanathan & Suresh, 2004) . One of the problems associated with drug administration is the inability to target a specific area of the body. Among the proposed techniques for delivering drugs to specific locations within the human body, magnetic drug targeting (Voltairas et al., 2002 , Ritter et al., 2004 surpasses due to its non-invasive character and its high targeting efficiency. Although the method has been proposed almost 30 years ago, the technical problems obstruct possible applications. It was the aim of the paper (Voltairas et al., 2002) to classify the emerging problems and propose satisfactory answers. A general phenomenological theory was developed and a model case was studied, which incorporates all the physical parameters of the problem. A hypothetical magnetic drug targeting system, utilizing high gradient magnetic separation principles, was studied theoretically using FEMLAB simulations in paper (Ritter et al., 2004) . This new approach uses a ferromagnetic wire placed at a bifurcation point inside a blood vessel and an externally applied magnetic field, to magnetically guide magnetic drug carrier particles through the circulatory system and then to magnetically retain them at a target site.
Governing equations

The magnetic field intensity
In this paper the considered flow is influenced by magnetic dipole. We assumed that the magnetic dipole is located at distance b below the sheet at point ( ) b , a . The magnetic dipole gives rise to a magnetic field, sufficiently strong to saturate the fluid. In the magnetostatic case where there are no currents present, Maxwell-Ampere's law reduces to 0 H = × ∇ . When this holds, it is also possible to define a magnetic scalar potential by the relation m V −∇ = H and its scalar potential for the magnetic dipole is given by
where γ is the magnetic field strength at the source (of the wire) and ( ) b , a is the position were the source is located.
Heat transfer and fluid flow
The governing equations of the fluid flow under the action of the applied magnetic field and gravity field are: the mass conservation equation, the fluid momentum equation and the energy equation for temperature in the frame of Boussinesque approximation.
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The mass conservation equation for an incompressible fluid is
The momentum equation for magnetoconvective flow is modified from typical natural convection equation by addition of a magnetic term
where 0 ρ is the density, v is the velocity vector, p is the pressure, T is the temperature of the fluid, S is the extra stress tensor, k is unit vector of gravity force and α is the thermal expansion coefficient of the fluid. The energy equation for an incompressible fluid which obeys the modified Fourier's law is
where k is the thermal conductivity, η is the viscosity and Φ η is the viscous dissipation
The last term in the energy equation represents the thermal power per unit volume due to the magnetocaloric effects.
The Kelvin body force for magnetoconvective flow
The last term in the momentum equation represents the Kelvin body force per unit volume
which is the force that a magnetic fluid experiences in a spatially non-uniform magnetic field. We have established the relationship between the magnetization vector and magnetic field vector
Using the constitutive relation (relation between magnetic flux density and magnetic field vector) we can write the magnetic induction vector in the form
The variation of the total magnetic susceptibility m χ is treated solely as being dependent on temperature (Ganguly et al., 2004) ()
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Finally, the Kelvin body force can be represented by (
Using equations (7)- (8) we can write Eq. (3) and (4) in the form, respectively
The Brinkman equations for porous media flow
Fluid and flow problems in porous media have attracted the attention of industrialists, engineers and scientists from varying disciplines, such as chemical, environmental, and mechanical engineering, geothermal physics and food science. There has been a increasing interest in heat and fluid flows through porous media. The Brinkman equations describe flow in porous media where momentum transport by shear stresses in the fluid is of importance. The model extends Darcy's law to include a term that accounts for the viscous transport, in the momentum balance, and introduces velocities in the spatial directions as dependent variables. The flow field is determined by the solution of the momentum balance equations in combination with the continuity equation
where η is the viscosity, p k is the permeability of the porous structure (unit:
The Brinkman equations applications are of great use when modelling combinations of porous media and free flow. The coupling of free media flow with porous media flow is common in the field of chemical engineering. This type of problems arises in filtration and separation and in chemical reaction engineering, for example in the modelling of porous catalysts in monolithic reactors. Flow in the free channel is described by the Navier-Stokes equations and the mass conservation equation described in previous sections. In the porous domain, flow is described by the Brinkman equations according
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The dimensionless equations
For simplicity the preferred work choice is to work in non-dimensional frame of reference. Now some dimensionless variables will be introduced in order to make the system much easier to study (Strek, 2005 , Strek & Jopek, 2007 . Moreover some of the dimensionless ratios can be replaced with well-known parameters: the Prandtl number Pr , the Rayleigh number Ra , the Eckert number Ec , the Reynolds number Re , the Darcy number Da and the magnetic number Mn , respectively: 
Since now primes will not be written (old variables symbols will be used) but it is important to remember that they are still there. The dimensionless form of Navier-Stokes (11) and thermal diffusion (12) equations are as follows:
Dimensionless Brinkman equations are as follows
In the presents of magnetic field Kelvin body force is added
Numerical results
In this section we present numerical simulation results of heat transfer in ferrofluid. The flow takes place in channel and in channel with porous walls. The two-dimensional time www.intechopen.com
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dependent flows are assumed viscous, incompressible and laminar. Above the channel magnetic dipole is located. The fluid is assumed to be electrically nonconducting. It is assumed also that there is no electric field effects. This magneto-thermo-mechanical problem is governed by dimensionless equations (17-22).
Heat transfer in ferrofluid in channel
Considered flow takes place in channel between two parallel flat plates. The length of the channel is L and distance between plates is h .
The corresponding boundary conditions for dimensionless variables are assumed:
• For the upper wall: the upper wall temperature is kept at constant temperature T / T u δ . The velocity is 0 (no slip condition).
• For the lower wall: the lower wall temperature is kept at constant temperature
The velocity is 0 (no slip condition). The flow was relatively uninfluenced by the magnetic field until its strength was large enough for the Kelvin body force to overcome the viscous force. It can be observed that the cooler ferrofluid flows in the direction of the magnetic field gradient and displaced hotter ferrofluid (Fig. 1,2) . This effect is similar to natural convection where cooler, more dense material flows towards the source of gravitational force. Ferrofluids have promising potential for the heat transfer applications because a ferrofluid flow can be controlled by using an external magnetic field. Table 2 . The heat transfer in ferrofluid flowing in channel with porous walls is considered in four different flows with different magnetic susceptibility, inlet velocity or permeability of the porous structure. The most interesting example of flow we can observe in the last considered flow (flow G). In this case the ferroconvection is observe (Figures 3d,4 Good way to describe the convective heat transfer is to model the heat transfer in combination with the fluid-flow field. The results then accurately describe the heat transport and temperature changes. These types of models are somewhat complex but are useful for unusual geometries and complex systems such as circuit-board cooling.
Ferroconvection
The following boundary conditions for dimensionless variables are assumed:
• For upper wall: The velocity is 0 (no slip condition). Insulation condition for heat transfer by conduction (in solid domain) 
specifies where the domain is well insulated.
• For lower wall: The velocity is 0 (no slip condition). Insulation condition for heat transfer by conduction and convection (in fluid domain)
• Table 3 and Table 4 
Conclusions
We have simulated two-dimensional heat transfer in ferrofluid channel flow under the influence of the magnetic field created by magnetic dipole using computational fluid dynamics code COMSOL based on finite element method. At the left end of rectangular channel there was assumed a parabolic laminar flow profile. The upper plate was kept at constant temperature u T and the lower at l T .
The flow was relatively uninfluenced by the magnetic field until its strength was large enough for the Kelvin body force to overcome the viscous force. The magnetoconvection was induced by the presence of magnetic field gradient. We observed that the cooler ferrofluid flows in the direction of the magnetic field gradient and displaced hotter ferrofluid. Ferrofluids have promising potential for heat transfer applications because a ferrofluid flow can be controlled by using an external magnetic field. The Kelvin body force arises from the interaction between the local magnetic field within the ferrofluid and the molecular magnetic moments characterized by the magnetization. An imposed thermal gradient produces a spatial variation in the magnetization through the temperature-dependent magnetic susceptibility for ferrofluids and therefore renders the Kelvin body force non-uniform spatially. This thermal gradient induced inhomogeneous magnetic body force can promote or inhibit convection in a manner similar to the gravitational body force. A strong magnet placed near the device which produces heat will always attract colder ferrofluid towards it more than warmer ferrofluid thus forcing the heated ferrofluid away, towards the heat sink. This is an efficient cooling method which requires no additional energy input.
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